This article, describes two-dimensional magnetohydrodynamic steady incompressible viscous power law nanofluid comprising gyrotactic microorganisms adjacent to a vertical stretching sheet. The governing non-linear partial differential equations are lessened to a set of non-linear ordinary differential equation using similitude transformation. The nondimensional boundary value problem is then solved under spectral relaxation method. The influences of different parameters such as buoyancy convection parameters (l 1, l 2 , l 3 ), magnetic field parameter M, power law parameter n, Prandtl number Pr, modified Prandtl number Prm, thermophoresis parameter Nt, Peclet number Pe, Lewis number Le, Brownian motion parameter Nb, bioconvection Lewis number Lb, and bioconvection constant s on flow convective characteristics phenomena are explored via plots and tables. The skin friction factor, rate of heat transfer, rate of mass transfer, and the density number of the motile microorganisms near the surface are also computed. Our results are compared with the existing results to support our model. Residual error analysis is determined for showing the convergence rate against iteration. Our result showed that the momentum thickness reduces as the value of M induces and thermal boundary thickness increases as the value of M induces. We also revealed that the density of the motile microorganisms x is a reducing function of Pe, Lb, s and concentration boundary layer induces with the increase of Nt, M, n, whereas its thickness close to the surface decreases with increasing of Nb, Le, n, Prm, l 1, l 3 . Also, the stream line patterns are exhibited to the impact of physical sundry variables.
Introduction
The boundary layer motion (Newtonian and nonNewtonian) and transfer of heat for a viscous fluid has numerous industrialized and engineering demands such as petroleum industries, geo-thermal energy extractions, plasma studies, cooling liquid metals, and magnetohydrodynamic (MHD) generators. Sakiadis 1 has studied the boundary layer Blasius motion due to surface supplying with constant speed from a slit into a 1 liquid at relaxes. Erickson et al. 2 extended the above work to see the phenomena of temperature due to its implications on polymer sector. Crane 3 has investigated analytically the flow over a stretching sheet. Rajagopal et al. 4 studied non-Newtonian model using similarity technique to clarify flow profiles close to the surface. Dandapat and Gupta 5 discussed the non-Newtonian flow model close to the surface analytically to predict the energy transfer phenomena. Rajagopal et al. 6 investigated non-Newtonian flow model adjacent to a stretching sheet by considering a uniform free stream velocity. Anderson and Dandapat 7 expanded the results of Crane. 3 Andersson et al. 8 described the problem of MHD convective flow process through stretching surface. Cortell 9 has reported the power law model for unsteady solution adjacent to stretching surface with various boundary conditions. Similarity solution has been done by Chen 10 to describe the non-Newtonian convective transfer of heat under heat flux condition. Prasad et al. 11 analyzed the hydromagnetic effects by taking non-Newtonian fluid and extended the analysis owing to a vertical stretching surface. Ferdows and Hamad 12 solved non-Newtonian flow of MHD problem under stretching surface by considering nanofluid properties and showed flow features for further development of numerical results. Non-Newtonian power law model investigated by several investigators including previous studies [13] [14] [15] [16] [17] [18] [19] through a stretching surface. Nowadays, nanofluid study attracts considerable attentions. The idea behind its popularity is very simple. As we know that the common fluids (water, ethylene glycol, and engine oil) have low heat transfer abilities as they have the low thermal conductivity, therefore for improving heat transfer capabilities, nanofluids plays a very vital role as it contains metal in it. The term ''nanofluid'' has been first suggested by Choi etal. 20 as he used engineered colloids (consists of nanoparticles) comprising base fluid. Nowadays, nanofluid comprising gyrotactic microorganisms has attracted many authors to investigate their various effects on fluid flow problem. Microorganisms plays a very important role for reducing greenhouse effect. Microorganisms are more effective for absorbing carbon dioxide other than plants. Platt 21 first introduced bioconvection concept which is now a subdivision of biological aspects of fluid dynamics. Bioconvection has numerous applications in biological and biotechnology sciences. A phenomenon which arises when microorganisms (which are thicker than water) swim upward on average is known as bioconvection. This phenomenon occurs due to upward swimming of the microorganisms, such as gyrotactic microorganisms and similar algae, elaborate and tend to focus on the superior portion of the fluid layer, consequently, producing a top substantial density stratification that often becomes wobbly. The thought of bioconvection nanofluid is to emphasize the study that describes the impulsive pattern formation and density stratification produced by the concurrent edge of the denser self-propelled microorganisms, nanoparticles, and buoyancy forces. These microorganisms might comprise gravitaxis, gyrotaxis, or oxytaxis organisms. The assistance of gyrotactic microorganisms into nanofluid enhances mass transfer, microscale mixing, exclusively in micro-volumes, and improve nanofluid stability. Chamkha and Khaled 22 studied MHD effects on thermal and solutal transfer across a stretching sheet.
Chamkha et al. 23 analyzed natural bioconvection boundary layer flow of a nanofluid containing gyrotactic microorganisms along a vertical flat plate. Bioconvection flow of a nanofluid containing gyrotactic microorganisms past a vertical slender cylinder is studied by Mallikarjuna et al. 24 Waqas et al. 25 scrutinized heat and mass transfer impacts on bioconvection flow of a second-grade nanofluid. Khang et al. 26 analyzed macroscopic modeling for convection of hybrid nanofluid with magnetic effects. Waqas et al. 27 studied hydromagnetic flow of Williamson nanofluid in the presence of gyrotactic microorganisms. Bioconvection systems have been studied depending on the mechanism of directional motion and these phenomena have been proposed in the literature by previous studies. [28] [29] [30] [31] [32] [33] [34] [35] They focused on nanofluid comprising gyrotactic microorganisms and reaffirmed that the subsequent large-scale velocity of fluid caused by self-propelled motile microorganisms.
Buongiorno 36 proposed a new model which is focused on the mechanism of velocity of nanoparticles. After studying seven slip mechanisms, he found that if the turbulent effects are absent then the thermophoresis and Brownian diffusion parameters play a vital role in the flow regime. Porous medium-free convection flow past a horizontal surface containing gyrotactic microorganisms has been studied by Aziz et al. 37 Dinarvand et al. 38 considered Buongiorno's model to study the nanofluid stagnation point flow. Dinarvand et al. 39 used homotopy analysis method (HAM) to clarify the nanofluid flow sourrounded by a vertical surface.
In this work, novelty of this study is twodimensional (2D) MHD boundary layer flow, heat, and mass transfer of an electrically conducting power law nanofluid comprising gyrotactic microorganisms over a stretching sheet. We set f 0 (h) = 1 À e Àh , F(h) = e Àh , u(h) = e Àh , u(h) = e Àh , x(h) = e Àh as test function to satisfy the boundary condition for Gauss-Seidal iterative process during the numerical simulation using SRM through the use of MATLAB. In the next section, we present the mathematical model and numerical results to predict the problem physical parameters inside the fluid flow phenomena.
Model equations
Consider a 2D MHD steady incompressible nonNewtonian nanofluid comprising gyrotactic microorganisms over a stretching sheet. The flow velocity (u, v) acts along the x and y axes, respectively. The x-direction is along the sheet surface and y-direction is normal to it. The transverse magnetic field B 0 is uniform. Induced magnetic field is omitted due to small Reynolds number. The velocity U w (x) at the continuous stretching surface is supposed to be linear function of x. Under these conditions, the boundary layer partial differential equations (PDEs) governing the momentum, heat, concentration and microorganism are written as 8, 9, 40 ∂u ∂x
and the boundary conditions are
Here, T is the fluid temperature, T ' is the free stream temperature, g is the acceleration due to gravity, b is the heat source/sink parameter, D B is Brownian diffusion coefficient, D T is thermophoresis coefficient, B 0 is the magnetic field strength, s e is the electrical conductivity, n is the density of the motile microorganism, c p is the specific heat at constant pressure, C w is the concentration at the surface, C ' is the concentration in the free stream, D n is the diffusivity of the microorganisms, t is the effective heat capacitance, Wc is the constant maximum cell swimming speed. For a similarity analysis for equations (1)- (6), consider the following similarity variables as in previous studies [8] [9] [10] 40 
The transformed equations (1)- (5) become
The boundary conditions for the surface and in the distant regime are given by
Here, the parameters are defined as:
Lewis number, Le = n=D B Bioconvection Lewis number, Lb = a=D n Bioconvection parameter, s = n ' =(n w À n ' ) Buoyancy convection parameter due to temperature, l 1 = Gr x =Re x Buoyancy convection parameter due to concentration, l 2 = Gr c =Re x Buoyancy convection parameter due to microorganism, l 3 = Gr n =Re x Local Grashof number based on variable temperature, Gr x = gb(T w À T ' )xb
Àn =y Local Grashof number based on variable concentration, Gr c = gb(C w À C ' )xb
Àn =y Local Grashof number based on variable microorganism, Gr n = gb(n w À n ' )xb
Àn =y
The quantities of most interest are the skin friction factor (C f ), rate of heat transfer (local Nusselt number (Nu x )), rate of mass transfer (local Sherwood number (Sh x )), and the density number of the motile microorganisms (Nn x ). These are given by
where t w =À m ∂u=∂y ð Þ y = 0 is the surface shear stress, q w =À k ∂T =∂y ð Þ y = 0 is the surface heat flux, q m =À D B ∂C=∂y ð Þ y = 0 is the surface mass flux, q n =À D n ∂n=∂y ð Þ y = 0 is the surface motile microorganism flux. Using these, equation (13) yields
SRM and comparison
For numerical investigations, we used an efficient numerical technique called SRM for solving our transformed ordinary differential equations (ODEs). The key concept of this technique is the use of trail function and test functions. 41, 42 For trial function, we use Chebychev polynomials and for test function we used the following assumptions
The discretization procedure is very similar to Gauss-Seidel discretization idea. In the presence of Joule heating and viscous dissipation, Motsa and Makukula 42 investigates the steady von Karman flow using SRM of a Reiner-Rivlin fluid. Over a stretching surface for Maxwell fluid, Shateyi 43 used the SRM to solve the MHD flow and heat transfer. Using the similar technique, Shateyi and Makinde 44 studied stagnation point flow of an incompressible fluid. With binary chemical reaction and Arrhenius activation energy complex, non-linear system of equations of incompressible flow has been resolved using SRM technique by Awad et al. 45 over a stretching surface. Haroun et al. 46 have applied SRM to unsteady MHD combined convective motion of a nanofluid past a stretching/shrinking surface in the occurence of heat source, internal fraction, and thermal diffusion and diffusion thermo effects. Now, for our model, we discretize the transformed equations (8)- (11) using the following SRM algorithm:
1. Reduced the order f (h) from three to two by taking f 0 (h) = F(h) and defined the transformed equation in terms of F(h), and the functions u(h), u(h), x(h) which are in second-order need not be required to reduce the order. 2. Rewrite the transformed equation involving iteration notation. 3. In equation for F(h), the scheme is developed by considering that only linear terms in F(h) are evaluated in current i.c. r + 1 iteration level and all the other terms (linear and non-linear) in f (h), u(h), u(h), x(h) are assumed to be known from previous iteration (noted as r). Non-linear terms in F(h) are evaluated as previous iteration level. 4 
and all the terms in f (h), F(h) are calculated in current iteration level (as the update is available for f (h), F(h)) and other terms will use the value of previous iteration. 5. In similar manner, the value of u(h), x(h) will be evaluated.
Using the above three steps, equations (8)- (11) become 
The corresponding boundary conditions are written as
Applying the Chebychev spectral collocation method we have
where
where I stands for an identity matrix and diag[] stands for diagonal matrix size (N + 1) 3 (N + 1), here N indicated number of grid points, f , F, h, u, u, x, respectively, the subscript r defines the iteration number. In this study, we take N = 80 collocation point. These values gave accurate result for all the quantities of physical interest. Starting from the initial approximation, the SRM scheme is repeatedly solved until the following condition is satisfied
where e r is a prescribed error tolerance which, in this study, is taken to be 10 À6 . The accuracy of our SRM computations is examined with existing results 8, 10 by setting l 1 = l 2 = l 3 = Nt = Nb = Le = Lb = Pe = Pr = Prm = s = 0 and varying the value of n and M. The results are seen with better agreement as presented in Table 1 .
Graphical analysis
In order to see the significance of the problem parameters, namely, Prandtl number (Pr), magnetic field parameter (Pr), Peclet number (Pe), Lewis number (Le), bioconvection Lewis number (Lb), Brownian motion parameter (Nb ), thermophoresis parameter (Nt), buoyancy convection parameters (l 1 , l 2 , l 3 ) and bioconvection constant (s), the computation of our study has performed for various values of these parameters. In SRM technique, we used Gauss-Seidal discretization process and Chebychev collocation process to grid generation for our transformed equations (8)- (11) and employing the MATLAB to get our required calculations. We consider the non-dimensional parameters arbitrarily and set in the numerical computations Figure 1 describes the velocity, temperature, concentration, and microorganism profiles for different values of power law parameter n. The profiles are plotted against the similarity variable h. We observe a cross flow in the velocity profiles f 0 (h) at h ' 0:75 in Figure  1 . The value of n has no significant effect on the f 0 (h) profiles near the wall but it does change the velocity profiles at h.0:75. For the dynamic region, h\0:75, the rise of n propelled to increase in the momentum layers as a little cause for the slightboost of the frictional forces. However, for h.0:75, the opposite case happens as power law parameter rises. From the figure, it can be easily observed that temperature, concentration, and volume fraction of gyrotactic microorganism profiles are thinning of the thermal, concentration, and microorganism layers that satisfy the boundary conditions. Figure 2 illustrates the effect of M on the velocity, temperature, concentration, and gyrotactic microorganism profiles. Figure 2 shows that increase of magnetic field strength leads to decrease in the velocity profile and the fact is that the Lorentz force arising in this case reduces the flow boundary layer. However, the temperature, concentration, and gyrotactic microorganism thin layer increases for various values of the magnetic parameter. We also observe a large effect on the velocity but a relatively small influence on the other profiles and this is due to the fact that the magnetic forces are strongly related with velocity boundary. Figure 3 describes the velocity, temperature, concentration, and microorganism profiles at various values of buoyancy convection temperature parameter l 1 . The value of l 1 \0 correspond to a vertical downward flow, whereas l 1 .0 corresponds to a vertical upward flow. The momentum boundary layer induces as the value of l 1 induces. We observe that temperature, concentration, and gyrotactic microorganism profiles decrease as the buoyancy convection parameter increases. Note that the effect of buoyancy convection concentration parameter l 2 has no significant effect on the flow fields. Figure 4 describes the velocity, temperature, concentration, and gyrotactic microorganism profiles for different values of buoyancy convection microorganism parameter l 3 . From the figure, it is clear that temperature, concentration, and volume fraction of gyrotactic microorganism profiles decrease with the growth of the buoyancy convection parameter. However, the velocity profile is raised by enhancing l 3 . Figure 5 describes the velocity, temperature, concentration, and gyrotactic microorganism profiles for diverse values of modified Prandtl number. It is found that for all the cases, that is, velocity, temperature, concentration, and volume fraction of gyrotactic microorganism boundary layer declines with the rise of the modified Prandtl number. Physically, Prandtl number signifies the thickness of thermal boundary layer and thickness of hydrodyanamic boundary layer, depending on whether it is equal to one, or more than one or less than one. If it is equal to one, it signifies that thickness of thermal boundary layer is equal to that of velocity boundary layer. Hence, it is the ratio of momentum diffusivity to thermal diffusivity. It tells us how fast the thermal diffusion takes place in comparison to momentum diffusion and also it tells us the relative thickness of thermal boundary layer to momentum boundary layer. If Prandtl number is small, it tells us that thermal diffusion is dominant in comparison to momentum diffusion. That is, for a given fluid flow problem, the flow conditions remain the same, if we want higher heat transfer rate we have to use a fluid that has lower Prandtl number. Furthermore, higher Pr dismisses the thermal boundary layer thickness. Figure 6 shows the temperature effects of Prandtl number on temperature profile. It is noted from the figure that boundary layer temperature thickness induces with the enhancement of Prandtl number. Figure 7 illustrates the temperature and concentration profile for different values of thermophoresis parameter Nt. The value of Nt can be positive or negative.
Positive values correspond to hot surface and negative values correspond to cool surface. The nanofluid velocity and motile microorganism profile are not affected with Nt. As the value of Nt increases, the temperature and concentration profile increases. Figure 8 describes the temperature and concentration profiles for different values of Brownian motion parameter Nb. The nanofluid velocity and motile microorganism profile is not affected with Nb. From Figure 8 , it is clear that the rising value of Nb leads to increase the temperature boundary layer but decreases the concentration boundary thickness. The features of Brownian motion physically depend on the unsystematic movement of liquid particles on the surface and rise in Brownian motion boosts the unsystematic motion of liquid particles, which formed much heat. Hence, the liquid temperature and associated thermal boundary layer thickness enhance. In addition, growing values of thermophoresis parameter physically means that the smallest nanoparticles are dragged away from the warm surface to the cold surface. Therefore, the higher number of small nanoparticles is dragged away from the warm surface due to which liquid temperature rises. Figure 9 describes the concentration and the gyrotactic microorganism profiles for different values of Lewis number Le. The surface shear stress and Nusselt number are not influenced by any change of Le, so the nanofluid velocity and temperature are not affected too. From the figure, we can see that increase of Le results in decreasing concentration profile, whereas a cross-over is noted in microorganism profile at h ' 1:2 as shown in the figure. For the dynamic region, h\1:2, the growth of Le leads to decline in the microorganism boundary layers, whereas for h.1:2 the reverse take place as Le increases. In fact, the Lewis number is inversely proportional to the Brownian diffusion coefficient. Here, larger values of Lewis number correspond to small diffusivity and so concentration distribution declines.
From Figure 10 , we observed reduction in the boundary layer thickness of the motile microorganism for rising values of the Peclet number Pe, bioconvection Lewis number Lb, and bioconvection parameter s. Figure 11 shows the residual error of equations (8)- (11) against iterations for different values of power law parameter. The residual error of f (h), u(h), u(h), x(h) takes linear shapes and are iteration dependent. The increasing value of n leads to decrease in the residual error for f (h) and accelerates the convergence, where for u(h), u(h), x(h) faster convergence achieved for lower values of n. Figure 12 illustrates skin friction, Nusselt number, Sherwood number, and the density number of the motile microorganism, respectively, for different values of magnetic parameter. The values are plotted against the power law parameter n. As the value of magnetic parameter increases, shear stress decreases. However, temperature, concentration, and microorganism gradient profiles are increasing function of the magnetic parameter. Figure 13 describes skin friction, Nusselt number, Sherwood number, and the density number of the motile microorganisms, respectively, for different values of Buoyancy convection temperature parameter. As the value of l 1 increases, shear stress also increases. However, temperature, concentration, and microorganism gradient profiles decrease as l 1 increase. Figure 14 illustrates Nusselt number, Sherwood number, and the density number of the motile microorganism, respectively, for different values of modified Prandtl number. These numbers are decreasing function of modified Prandtl number. Figure 15 illustrates the density number of the motile microorganism for different values of bioconvection Lewis number. These number are decreasing function of Le.
Finally, the stream line patterns are elucidated in Figures 16-20 . From these figures, we observe that the liquid is pushed toward the sheet surface by the electromagnetic Lorentz force (magnetic field). As the streamlines concentrate there, the fluid accelerates to preserve continuity. Under the impact of applied magnetic variable, the particle transport accumulated along the stretching sheet, whereas the reverse behavior is found for the power law index number n.
Conclusion
This work examines two-dimensional (2D) hydromagnetic steady incompressible flow, transfer of heat and mass in a viscous power law nanofluid comprising gyrotactic microorganisms over a vertical stretching sheet. The effect of magnetic field, Brownian diffusion, and thermophoresis are taken into account. By employing transformation for velocity, temperature, concentration, and microorganisms, the basic equations governing the flow and heat transfer were converted to a set of ODEs and solved by applying SRM. Effects of parameters, residual error, the skin friction factor, rate of heat transfer, rate of mass flux, and the density number of the motile microorganism have been examined. Some conclusions obtained from this investigation are summarized as follows:
M, Nt, Nb, Pr enhance the temperature field u for both stretching and shirking sheets.
M is a decreasing function of f 0 (h). Prm, n, l 1, l 3 reduce the temperature field u for both stretching and shirking sheets. The density of the motile microorganisms x is a decreasing function of Pe, s, Lb. The concentration decreases with the increase of Nb, Prm, l 1, l 3 , n, Le while increases with the increase of Nt, n, M. The residual error of f (h), u(h), x(h), u(h) are iteration dependent.
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